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(57) ABSTRACT 

The semiconductor device includes a semiconductor ele 
ment having an electrode formed on a surface thereof, and 
a metal Wiring formed on the surface of the semiconductor 
element and electrically connected to the electrode. The 
metal Wiring has an external electrode portion functioning as 
an external electrode. A thickness of the external electrode 
portion is greater than that of a non-electrode portion of the 
metal Wiring, i.e., a portion of the metal Wiring other than the 
external electrode portion. 

8 Claims, 11 Drawing Sheets 
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SEMICONDUCTOR DEVICE INCLUDING A 
DIFFUSION LAYER FORMED BETWEEN 

ELECTRODE PORTIONS 

BACKGROUND OF THE INVENTION 

The present invention generally relates to a semiconduc 
tor device in Which a metal Wiring is formed so as to be 
electrically connected to an electrode of a semiconductor 
element and a part of the metal Wiring is used as an external 
electrode, and a manufacturing method of the same. More 
particularly, the present invention relates to a semiconductor 
device having excellent junction reliability betWeen a metal 
Wiring and a ball electrode mounted to an external electrode 
portion of the metal Wiring, and a manufacturing method of 
the same. 

With recent reduction in siZe and improvement in func 
tions of electronic equipments, an increasing number of 
input/output (I/O) pins is formed in a semiconductor 
element, and therefore the pitch of electrodes is reduced. 

Especially in a CSP (Chip SiZe Package) type semicon 
ductor device, electrodes of a semiconductor element are 
formed by a dry etching method in a diffusion process, 
Whereas Wiring electrodes of a substrate on Which the 
semiconductor element is mounted are formed by a Wet 
etching method in an assembling process. Accordingly, the 
pitch of the Wiring electrodes of the substrate on Which the 
semiconductor element is mounted is necessarily greater 
than that of the electrodes of the semiconductor element. In 
vieW of this, a semiconductor device is increasingly devel 
oped Which deals With the difference betWeen the electrode 
pitch of the semiconductor element and the Wiring-electrode 
pitch of the substrate. In such a semiconductor device, metal 
Wirings are formed so as to be electrically connected to the 
respective electrodes of the semiconductor element and a 
part of each metal Wiring is used as an external electrode in 
order to increase the distance betWeen the external elec 
trodes. 

Hereinafter, a conventional semiconductor device Will be 
described With reference to the ?gures. 

FIG. 15A is a perspective plan vieW of the conventional 
semiconductor device. FIG. 15B shoWs an example of the 
cross-sectional structure taken along line XV—XV of FIG. 
15A. FIG. 15C shoWs another example of the cross-sectional 
structure taken along line XV—XV of FIG. 15A. 
As shoWn in FIGS. 15A and 15B, electrodes 2 are formed 

on the surface of a semiconductor element 1. Apassivation 
?lm 3 is formed over the surface of the semiconductor 
element 1. The passivation ?lm 3 is formed from silicon 
nitride (SiN) or the like, and has an opening on each 
electrode 2. Metal Wirings 4 are formed on the passivation 
?lm 3. Each metal Wiring 4 is formed from copper and 
electrically connected to a corresponding one of the elec 
trodes 2. Asolder resist ?lm 5 is formed on the metal Wirings 
4 and the passivation ?lm 3. The solder resist ?lm 5 has an 
opening on a portion of each metal Wiring 4 Which functions 
as an external electrode (hereinafter, referred to as “external 
electrode portion”). In order to electrically connect the 
electrodes 2 formed on the surface of the semiconductor 
element 1 to Wiring electrodes of a substrate (not shoWn) on 
Which the semiconductor element 1 is mounted, 
respectively, a ball electrode 6 formed from solder is con 
nected in a molten state to each opening of the solder resist 
?lm 3, that is, to the external electrode portion of each metal 
Wiring 4. 
As shoWn in FIG. 15C, an insulating resin layer 7 may be 

formed betWeen the semiconductor element 1 having the 
passivation ?lm 3 thereon and the metal Wirings 4. 
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2 
In each of the forms of the conventional semiconductor 

device described above, the Wiring electrodes of the sub 
strate on Which the semiconductor device is mounted are 
respectively connected to the metal Wirings 4 of Cu formed 
on the surface of the semiconductor element 1 through the 
ball electrodes 6 formed from solder. In other Words, When 
the metal Wirings 4 are formed from Cu (Which is a 
commonly used metal Wiring material), metal junction of Cu 
(the metal Wirings 4) and solder (the ball electrodes 6) is 
formed at the boundary betWeen the metal Wiring 4 and the 
ball electrode 6. 

In the above conventional semiconductor device, 
hoWever, tin (Sn) contained in solder of the ball electrode 6 
diffuses into Cu of the metal Wiring 4 to form a Sn—Cu alloy 
layer. As a result, in the portion of the metal Wiring 4 on 
Which the ball electrode 6 is mounted (i.e., the external 
electrode portion) and the portion near the external electrode 
portion, the Sn—Cu alloy groWs in the most part of the metal 
Wiring 4. The Sn—Cu alloy is Weak and hard. The semi 
conductor device 1, the resin ?lm covering the surface of the 
semiconductor element 1 and the substrate have different 
thermal expansion coef?cients. Accordingly, When the tem 
perature is varied to melt the ball electrodes in the process 
of mounting the semiconductor device onto the substrate, 
stresses are generated due to such a difference in thermal 
expansion coef?cient. Accordingly, the Cu—Sn alloy layer 
formed in the portion of the metal Wiring 4 to Which the ball 
electrode 6 is mounted is likely to be broken by the stresses. 

SUMMARY OF THE INVENTION 

In vieW of the above problems, it is an object of the 
present invention to provide a semiconductor device having 
a metal Wiring electrically connected to an electrode of a 
semiconductor element, and having improved junction reli 
ability betWeen the metal Wiring and a ball electrode 
mounted on an external electrode portion of the metal 
Wiring. 

According to one aspect of the present invention, a 
semiconductor device includes a semiconductor element 
having an electrode formed on a surface thereof, and a metal 
Wiring formed on the surface of the semiconductor element 
and electrically connected to the electrode. The metal Wiring 
has an external electrode portion functioning as an external 
electrode. A thickness of the external electrode portion is 
greater than that of a non-electrode portion of the metal 
Wiring, i.e., a portion of the metal Wiring other than the 
external electrode portion. 

According to the above semiconductor device, in the 
metal Wiring electrically connected to the electrode of the 
semiconductor element, the thickness of the external elec 
trode portion is greater than that of the non-electrode por 
tion. The external electrode portion of the metal Wiring and 
a Wiring electrode of a substrate on Which the semiconductor 
device is mounted may be connected to each other by a ball 
electrode formed from solder. In this case, When the metal 
Wiring contain, e.g., Cu (Which is a commonly used metal 
Wiring material), Sn contained in solder of the ball electrode 
diffuses into Cu contained in the metal Wiring, Whereby a 
Sn—Cu alloy layer having loW strength groWs in the thick 
ness direction of the external electrode portion. HoWever, 
since the thickness of the external electrode portion of the 
metal Wiring is greater than that of the non-electrode portion 
of the metal Wiring, this Sn—Cu alloy layer can be pre 
vented from groWing through the entire thickness of the 
external electrode portion. In other Words, it is ensured that 
the thickness of the loW-strength Sn—Cu alloy layer in the 
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external electrode portion of the metal Wiring is smaller than 
the thickness of the external electrode portion. Since a part 
of the external electrode portion is left unchanged into the 
Sn—Cu alloy layer, the strength of the metal Wiring can be 
maintained even if Cu is used as a metal Wiring material. The 
semiconductor element, the resin ?lm covering the surface 
of the semiconductor element, and the substrate have dif 
ferent thermal expansion coef?cients. Therefore, When the 
temperature is varied in the process of hardening the resin 
?lm covering the surface of the semiconductor element or 
the process of mounting the semiconductor device onto the 
substrate, stresses are generated due to such a difference in 
thermal expansion coef?cient. HoWever, the above structure 
can prevent disconnection of the metal Wiring even if such 
stresses are generated. 

According to the above semiconductor device, the thick 
ness of the non-electrode portion of the metal Wiring is 
smaller than that of the external electrode portion to Which 
the ball electrode is mounted. The metal Wiring having a 
small thickness facilitates formation of ?ne Wirings by 
etching. As a result, the Width of the metal Wiring or the pitch 
of the metal Wirings can be reduced, enabling reduction in 
siZe of the semiconductor device. 

Preferably, the semiconductor device further includes an 
insulating ?lm formed on the metal Wiring and the surface 
of the semiconductor element, and having an opening expos 
ing the external electrode portion. An exposed surface of the 
external electrode portion is preferably ?ush With or higher 
than a surface of the insulating ?lm. 

This prevents a Wiring or electrode of a substrate on Which 
the semiconductor device is mounted from contacting the 
non-electrode portion of the metal Wiring of the semicon 
ductor device. Moreover, the exposed surface of the external 
electrode portion is ?ush With or higher than the surface of 
the insulating ?lm. Therefore, the ball electrode can be 
mounted to the external electrode portion Without producing 
a gap therebetWeen. As a result, suf?cient junction betWeen 
the ball electrode and the external electrode portion can be 
ensured. When the exposed surface of the external electrode 
portion is higher than the surface of the insulating ?lm, a 
substantial thickness of a metal portion of the external 
electrode portion is increased. Therefore, the folloWing 
effects can be obtained: When Sn contained in solder of the 
ball electrode diffuses into Cu contained in the metal Wiring, 
a Sn—Cu alloy layer having loW strength groWs in the 
thickness direction of the external electrode portion. As 
described above, hoWever, since the substantial thickness of 
the metal portion of the external electrode portion is 
increased, it is ensured that a greater part of the external 
electrode portion is left unchanged into the Sn—Cu alloy in 
the thickness direction of the external electrode portion. 
When the temperature is varied in a process such as the 
process of mounting the semiconductor device onto the 
substrate, stresses are generated due to the difference in 
thermal expansion coef?cient betWeen the semiconductor 
device and the substrate. HoWever, the above structure can 
more reliably prevent disconnection of the metal Wiring 
even if such stresses are generated. Note that, When the 
exposed surface of the external electrode portion is higher 
than the surface of the insulating ?lm, the external electrode 
portion may be bonded to the Wiring electrode of the 
substrate by solder Without using the ball electrode. In this 
case, the same effects as those described above can be 
obtained. 

Preferably, the metal Wiring is formed from a metal 
containing copper. 

This enables reduction in resistance of the metal Wiring. 
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4 
Preferably, the above semiconductor device further 

includes an insulating resin layer formed betWeen the sur 
face of the semiconductor element and the metal Wiring. The 
metal Wiring is preferably formed along a surface of the 
insulating resin layer. 
When the temperature is varied to melt the ball electrode 

in the process of mounting the semiconductor device to the 
substrate, stresses are generated due to the difference in 
thermal expansion coefficient betWeen the semiconductor 
device and the substrate. HoWever, these stresses can be 
absorbed by the insulating resin layer. As a result, the 
stresses are reduced, Whereby the external electrode portion 
of the metal Wiring to Which the ball electrode is connected 
can be prevented from being broken by the stresses. 

Preferably, the thickness of the external electrode portion 
is in a range of 10 pm to 20 pm. 

In this case, the metal Wiring can be reliably prevented 
from being disconnected at the external electrode portion, 
and pattern deformation generated in the process of forming 
the external electrode portion having a greater thickness by 
etching can be suppressed. 

According to another aspect of the present invention, a 
method for manufacturing a semiconductor device includes: 
a ?rst step of forming, on a surface of a semiconductor 
element having an electrode formed thereon, a metal Wiring 
electrically connected to the electrode; a second step of 
forming, on the surface of the semiconductor element and 
the metal Wiring, an insulating ?lm having an opening Which 
exposes a region of the metal Wiring layer Where an external 
electrode is to be formed; and a third step of forming a 
metal-material embedded portion in the opening so that a 
surface of the metal-material embedded portion is ?ush With 
or higher than a surface of the insulating ?lm. 

According to the above manufacturing method, the metal 
Wiring is formed so as to be electrically connected to the 
electrode of the semiconductor element. The insulating ?lm 
is then formed so as to have an opening Which exposes the 
region of the metal Wiring Where an external electrode is to 
be formed. Thereafter, the metal-material embedded portion 
is embedded in the opening so that the surface of the 
metal-material embedded portion is ?ush With or higher than 
the surface of the insulating ?lm. As a result, the thickness 
of the external electrode portion (i.e., the total thickness of 
the metal-material embedded portion embedded in the open 
ing and the metal Wiring located under the metal-material 
embedded portion) is greater than the thickness of a non 
electrode portion of the metal Wiring, that is, the portion of 
the metal Wiring other than the external electrode portion. 
Accordingly, the same effects as those of the semiconductor 
device of the present invention can be obtained. 

According to the above manufacturing method, the non 
electrode portion of the metal Wiring (i.e., the portion of the 
metal Wiring other than the external electrode portion) is 
covered With the insulating ?lm. This prevents a Wiring or 
electrode of a substrate on Which the semiconductor device 
is mounted from contacting the non-electrode portion of the 
metal Wiring of the semiconductor device. Moreover, the 
surface of the metal-material embedded portion, that is, the 
exposed surface of the external electrode portion, is ?ush 
With or higher than the surface of the insulating ?lm. 
Therefore, a ball electrode can be mounted to the external 
electrode portion Without producing a gap therebetWeen. As 
a result, sufficient junction betWeen the ball electrode and 
the external electrode portion can be ensured. When the 
exposed surface of the external electrode portion is higher 
than the surface of the insulating ?lm, a substantial thickness 
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of a metal portion of the external electrode portion is 
increased. Therefore, the following effects can be obtained: 
When Sn contained in solder of the ball electrode diffuses 
into Cu contained in the metal Wiring, a Sn—Cu alloy layer 
having loW strength groWs in the thickness direction of the 
external electrode portion. As described above, hoWever, 
since the substantial thickness of the metal portion of the 
external electrode portion is increased, it is ensured that a 
greater part of the external electrode portion is left 
unchanged into the Sn—Cu alloy in the thickness direction 
of the external electrode portion. When the temperature is 
varied in a process such as the process of mounting the 
semiconductor device onto the substrate, stresses are gen 
erated due to the difference in thermal expansion coef?cient 
betWeen the semiconductor device and the substrate. 
HoWever, the above structure can more reliably prevent 
disconnection of the metal Wiring even if such stresses are 
generated. Note that, When the exposed surface of the 
external electrode portion (i.e., the surface of the metal 
material embedded portion) is higher than the surface of the 
insulating ?lm, the external electrode portion may be 
bonded to the Wiring electrode of the substrate by solder 
Without using the ball electrode. In this case, the same effects 
as those described above can be obtained. 

Preferably, the above manufacturing method further 
includes, before the ?rst step, the step of forming an insu 
lating resin ?lm on the surface of the semiconductor element 
except the electrode. The ?rst step preferably includes the 
step of forming the metal Wiring along a surface of the 
insulating resin layer. 
When the temperature is varied to melt a ball electrode in 

the process of mounting the semiconductor device to the 
substrate, stresses are generated due to the difference in 
thermal expansion coef?cient betWeen the semiconductor 
device and the substrate. According to the above manufac 
turing method, hoWever, these stresses can be absorbed by 
the insulating resin layer. As a result, the stresses are 
reduced, Whereby the external electrode portion of the metal 
Wiring to Which the ball electrode is connected can be 
prevented from being broken by the stresses. 

In the above manufacturing method, the third step may 
include the step of forming a metal ?lm on the insulating 
?lm so as to completely ?ll the opening, forming a mask 
pattern Which covers a region of the metal ?lm located on 
the opening, removing a region of the metal ?lm located 
outside the mask pattern, and removing the mask pattern. 

In the above manufacturing method, the third step may 
include the step of forming a ?rst metal ?lm on the surface 
of the insulating ?lm so as to partially ?ll the opening, 
forming a mask pattern Which covers a region of the ?rst 
metal ?lm located outside the opening, forming a second 
metal ?lm on a region of the ?rst metal ?lm located in the 
opening, and removing the mask pattern and the region of 
the ?rst metal ?lm located outside the opening. 

In the above manufacturing method, the semiconductor 
element may be provided in each of a plurality of chip 
regions of a semiconductor Wafer, Which are de?ned by a 
dicing line. The method may further include, after the third 
step, the step of dicing the semiconductor Wafer along the 
dicing line by a rotating blade in order to divide the 
semiconductor Wafer into chips of the semiconductor ele 
ments. 

According to still another aspect of the present invention, 
a method for manufacturing a semiconductor device 
includes: a ?rst step of forming, on a surface of a semicon 
ductor element having an electrode formed thereon, a metal 
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6 
Wiring electrically connected to the electrode; a second step 
of forming a projecting electrode on a region of the metal 
Wiring Where an external electrode is to be formed; and a 
third step of forming an insulating ?lm on the surface of the 
semiconductor element and the metal Wiring so as to expose 
at least a top portion of the projecting electrode. 
According to the above manufacturing method, the metal 

Wiring is formed so as to be electrically connected to the 
electrode of the semiconductor element. The projecting 
electrode is then formed on the region of the metal Wiring 
Where an external electrode is to be formed. Thereafter, the 
insulating ?lm is formed so as to expose at least the top 
portion of the projecting electrode. As a result, the thickness 
of the external electrode portion (i.e., the total thickness of 
the projecting electrode and the metal Wiring located 
thereunder) is greater than the thickness of a non-electrode 
portion of the metal Wiring, that is, the portion of the metal 
Wiring other than the external electrode portion. 
Accordingly, the same effects as those of the semiconductor 
device of the present invention can be obtained. 

According to the above manufacturing method, the non 
electrode portion of the metal Wiring (i.e., the portion of the 
metal Wiring other than the external electrode portion) is 
covered With the insulating ?lm. This prevents a Wiring or 
electrode of a substrate on Which the semiconductor device 
is mounted from contacting the non-electrode portion of the 
metal Wiring of the semiconductor device. Moreover, the 
surface of the top portion of the projecting electrode, that is, 
the exposed surface of the external electrode portion, is 
higher than the surface of the insulating ?lm. Therefore, a 
ball electrode can be mounted to the external electrode 
portion Without producing a gap therebetWeen. As a result, 
su?icient junction betWeen the ball electrode and the exter 
nal electrode portion can be ensured. Moreover, since the 
exposed surface of the external electrode portion is higher 
than the surface of the insulating ?lm, a substantial thickness 
of a metal portion of the external electrode portion is 
increased. Therefore, the folloWing effects can be obtained: 
When Sn contained in solder of the ball electrode diffuses 
into Cu contained in the metal Wiring, a Sn—Cu alloy layer 
having loW strength groWs in the thickness direction of the 
external electrode portion. As described above, hoWever, 
since the substantial thickness of the metal portion of the 
external electrode portion is increased, it is ensured that a 
greater part of the external electrode portion is left 
unchanged into the Sn—Cu alloy in the thickness direction 
of the external electrode portion. When the temperature is 
varied in a process such as the process of mounting the 
semiconductor device onto the substrate, stresses are gen 
erated due to the difference in thermal expansion coef?cient 
betWeen the semiconductor device and the substrate. 
HoWever, the above structure can more reliably prevent 
disconnection of the metal Wiring even if such stresses are 
generated. Note that, When the exposed surface of the 
external electrode portion (i.e., the top portion of the pro 
jecting electrode) is higher than the surface of the insulating 
?lm, the external electrode portion may be bonded to the 
Wiring electrode of the substrate by solder Without using the 
ball electrode. In this case, the same effects as those 
described above can be obtained. 

Preferably, the above manufacturing method further 
includes, before the ?rst step, the step of forming an insu 
lating resin ?lm on the surface of the semiconductor element 
except the electrode. The ?rst step preferably includes the 
step of forming the metal Wiring along a surface of the 
insulating resin layer. 
When the temperature is varied to melt a ball electrode in 

the process of mounting the semiconductor device to the 
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substrate, stresses are generated due to the difference in 
thermal expansion coef?cient betWeen the semiconductor 
device and the substrate. According to the above manufac 
turing method, hoWever, these stresses can be absorbed by 
the insulating resin layer. As a result, the stresses are 
reduced, Whereby the external electrode portion of the metal 
Wiring to Which the ball electrode is connected can be 
prevented from being broken by the stresses. 

In the above manufacturing method, the semiconductor 
element may be provided in each of a plurality of chip 
regions of a semiconductor Wafer, Which are de?ned by a 
dicing line. The above manufacturing method may further 
includes, after the third step, the step of dicing the semi 
conductor Wafer along the dicing line by a rotating blade in 
order to divide the semiconductor Wafer into chips of the 
semiconductor elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional vieW of a semiconductor device 
according to a ?rst embodiment of the present invention; 

FIG. 2 is a cross-sectional vieW of the semiconductor 
device according to the ?rst embodiment of the present 
invention; 

FIG. 3 is a cross-sectional vieW of a semiconductor device 
according to a modi?cation of the ?rst embodiment of the 
present invention; 

FIG. 4 is a cross-sectional vieW of a semiconductor device 
according to a second embodiment of the present invention; 

FIG. 5 is a cross-sectional vieW of the semiconductor 
device according to the second embodiment of the present 
invention; 

FIG. 6 is a cross-sectional vieW of a semiconductor device 
according to a modi?cation of the second embodiment of the 
present invention; 

FIGS. 7A, 7B, 7C, 7D and 7E illustrate the steps of a 
method for manufacturing a semiconductor device accord 
ing to a third embodiment of the present invention; 

FIGS. 8A and 8B illustrate the steps of the method for 
manufacturing a semiconductor device according to the third 
embodiment of the present invention; 

FIGS. 9A, 9B, 9C and 9D illustrate the steps of a method 
for manufacturing a semiconductor device according to a 
fourth embodiment of the present invention; 

FIGS. 10A, 10B and 10C illustrate the steps of the method 
for manufacturing a semiconductor device according to the 
fourth embodiment of the present invention; 

FIGS. 11A, 11B, 11C, 11D and 11E illustrate the steps of 
a method for manufacturing a semiconductor device accord 
ing to a ?fth embodiment of the present invention; 

FIGS. 12A, 12B and 12C illustrate the steps of the method 
for manufacturing a semiconductor device according to the 
?fth embodiment of the present invention; 

FIGS. 13A, 13B, 13C and 13D illustrate the steps of a 
method for manufacturing a semiconductor device accord 
ing to a sixth embodiment of the present invention; 

FIGS. 14A and 14B illustrate the steps of the method for 
manufacturing a semiconductor device according to the 
sixth embodiment of the present invention; and 

FIG. 15A is a perspective plan vieW of a conventional 
semiconductor device, 

FIG. 15B shoWs an example of the cross-sectional struc 
ture taken along line XV—XV of FIG. 15A, and 

FIG. 15C shoWs another example of the cross-sectional 
structure taken along line XV—XV of FIG. 15A. 
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DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

(First Embodiment) 
Hereinafter, a semiconductor device according to the ?rst 

embodiment of the present invention Will be described With 
reference to the ?gures. 

FIGS. 1 and 2 are cross-sectional vieWs of the semicon 
ductor device of the ?rst embodiment. 
As shoWn in FIG. 1, electrodes 12 are formed on the 

surface of a semiconductor element 11. Apassivation ?lm 13 
is formed over the surface of the semiconductor element 11. 
The passivation ?lm 13 is formed from, e.g., SiN, and has 
an opening on each electrode 12. The passivation ?lm 13 
protects the surface of the semiconductor element 11. Metal 
Wirings 14 containing, e.g., Cu are formed on the passivation 
?lm 13. Each metal Wiring 14 is electrically connected to a 
corresponding one of the electrodes 12. An insulating ?lm 
15 is formed on the metal Wirings 14 and the passivation ?lm 
13. The insulating ?lm 15 has openings in order to expose 
a portion of each metal Wiring 14 Which functions as an 
external electrode (hereinafter, referred to as “external elec 
trode portion 14a”). For example, the insulating ?lm 15 is a 
resin ?lm formed from solder resist or the like. As shoWn in 
FIG. 2, in order to electrically connect the electrodes 12 
formed on the surface of the semiconductor element 11 to 
Wiring electrodes of a substrate (not shoWn) on Which the 
semiconductor element 11 is mounted, ball electrodes 16, 
Which are formed from solder, are connected in a molten 
state to the openings of the insulating ?lm 15, that is, the 
external electrode portions 14a of the metal Wirings 14, 
respectively. The electrodes 12 of the semiconductor ele 
ment 11 and the Wiring electrodes of the substrate are thus 
respectively connected to each other through the metal 
Wirings 14 and the ball electrodes 16. 

The present embodiment is characteriZed in that the 
thickness (e.g., 14 pm) of the external electrode portion 14a 
of the metal Wiring 14 is greater than that of the other portion 
of the metal Wiring 14 (hereinafter, referred to as “non 
electrode portion”). For example, such external electrode 
portions 14a having a greater thickness is formed by the 
folloWing method: ?rst, the insulating ?lm 15 is formed. 
Openings are formed in the insulating ?lm 15 at positions 
Where the ball electrodes 16 are to be mounted on the 
Cu-containing metal Wirings 14, respectively. Thereafter, the 
openings are ?lled With a metal material (more speci?cally, 
Cu). The external electrode portions 14a having a greater 
thickness are thus formed. In this case, the thickness of the 
external electrode portion 14a is equal to the total thickness 
of the metal Wiring 14 and the portion ?lled With the metal 
material (hereinafter, referred to as “metal-material embed 
ded portion”). 

According to the ?rst embodiment, in each metal Wiring 
14 electrically connected to a corresponding one of the 
electrodes 12, the thickness of the external electrode portion 
14a is greater than that of the non-electrode portion. The 
external electrode portions 14a and the Wiring electrodes of 
the substrate on Which the semiconductor device is mounted 
are respectively connected to each other by the ball elec 
trodes 16. When the metal Wirings 14 contain, e.g., Cu 
(Which is a commonly used metal Wiring material), Sn 
contained in solder of the ball electrode 16 diffuses into Cu 
contained in the metal Wiring 14, Whereby a Sn—Cu alloy 
layer having loW strength groWs in the thickness direction of 
the external electrode portion 14a. HoWever, since the 
thickness of the external electrode portion 14a of the metal 
Wiring 14 is greater than that of the non-electrode portion of 
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the metal Wiring 14, this Sn—Cu alloy layer can be pre 
vented from growing through the entire thickness of the 
external electrode portion 14a. In other Words, it is ensured 
that the thickness of the Sn—Cu alloy layer in the external 
electrode portion 14a is smaller than the thickness of the 
external electrode portion 14a. Since a part of the external 
electrode portion 14a is left unchanged into the Sn—Cu 
alloy layer, the strength of the metal Wiring 14 can be 
maintained even if Cu is used as a metal Wiring material. The 
semiconductor element 11, the resin ?lm covering the sur 
face of the semiconductor element 11, and the substrate have 
different thermal expansion coef?cients. Therefore, When 
the temperature is varied in the process of hardening the 
resin ?lm covering the surface of the semiconductor element 
11 or the process of mounting the semiconductor device onto 
the substrate, stresses are generated due to such a difference 
in thermal expansion coefficient. Even if such stresses are 
generated, hoWever, the above structure of the ?rst embodi 
ment can prevent the Sn—Cu alloy layer having loW 
strength from being broken and thus can prevent disconnec 
tion of the metal Wirings 14. 
More speci?cally, in the ?rst embodiment, the thickness 

of the non-electrode portion of the metal Wiring 14 is 
preferably in the range of 0.01 pm to 8 pm, and more 
preferably in the range of 0.01 pm to 4 pm. The reason for 
this is as folloWs: if the thickness of the metal Wiring 14 is 
less than 0.01 pm, the strength of the metal Wiring 14 is 
reduced, causing disconnection and the like. If the thickness 
of the metal Wiring 14 is greater than 8 pm, it is difficult to 
etch the metal ?lm for forming the metal Wirings 14. This 
makes it dif?cult to reduce the siZe of the Wiring pattern of 
the metal Wirings 14. 

In the ?rst embodiment, the thickness of the external 
electrode portion 14a of the metal Wiring 14 (e.g., the total 
thickness of the non-electrode portion of the metal Wiring 14 
and the metal-material embedded portion) is preferably in 
the range of 10 pm to 20 pm. The reason for this is as 
folloWs: the inventors fabricated a plurality of semiconduc 
tor device samples so that the external electrode portion 14a 
of each metal Wiring 14 has a greater thickness than the 
non-electrode portion of the metal Wiring 14. Such external 
electrode portions 14a Were formed by forming the metal 
material embedded portion in each opening of the insulating 
?lm 15 (i.e., on each region Where an external electrode is 
to be formed; hereinafter, referred to as “external-electrode 
formation region”). In these semiconductor device samples, 
the thickness of the external electrode portion 14a Was 5 pm, 
7 pm, 9 pm and 11 pm, respectively. After each semicon 
ductor device sample Was mounted on a substrate, a tem 

perature cycle test (environment reliability test) Was con 
ducted in order to determine Whether or not each 
semiconductor device sample is capable of preventing dis 
connection of the metal Wirings 14. In the temperature cycle 
test, each semiconductor device sample mounted on the 
substrate Was repeatedly subjected to the temperatures of 
—40° C. and 80° C. In this experimentation, 1,000 cycles 
Were conducted in the temperature cycle test. In each cycle, 
the temperature Was varied from —40° C. to 80° C. and then 
reduced back to —40° C. The folloWing result Was obtained 
by the temperature cycle test: When the thickness of the 
external electrode portion 14a (the total thickness of the 
metal Wiring 14 and the metal-material embedded portion) is 
5 pm, the metal Wiring 14 Was disconnected at 50 cycles. For 
7 pm, the metal Wiring 14 Was disconnected at 200 cycles. 
For 9 pm, the metal Wiring 14 Was disconnected at 700 
cycles. For 11 pm, the metal Wiring 14 Was not disconnected. 
The above experimentation result shoWs that the thicker the 
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10 
external electrode portion 14a is, the less the metal Wiring 14 
is likely to be disconnected. More speci?cally, the metal 
Wiring 14 is less likely to be disconnected When the thick 
ness of the external electrode portion 14a is about 10 pm or 
more. Note that the external electrode portion 14a having a 
greater thickness than the non-electrode portion of the metal 
Wiring 14 is herein formed using the metal-material embed 
ded portion. In this case, if the thickness of the external 
electrode portion 14a exceeds 20 pm, greater pattern defor 
mation Would be generated in the process of forming the 
metal-material ?lling portion by a Wet etching method. 

According to the ?rst embodiment, the portion of the 
metal Wiring 14 other than the external electrode portion 14a 
(i.e., the non-electrode portion of the metal Wiring 14) is 
covered With the insulating ?lm 15. This prevents Wirings or 
electrodes of the substrate on Which the semiconductor 
device is mounted from contacting the non-electrode por 
tions of the metal Wirings 14 of the semiconductor device. 
It is preferable that the exposed surface of the external 
electrode portion 14a is ?ush With or higher than the surface 
of the insulating ?lm 15 (in the speci?cation, the term 
“?ush” also includes “approximately ?ush”). In other Words, 
it is preferable that the thickness of the external electrode 
portion 14a is equal to or greater than that of the insulating 
?lm 15 (in the speci?cation, the term “equal” also includes 
“approximately equal”). The reason for this is as folloWs: if 
the external electrode portion 14a is thinner than the insu 
lating ?lm 15, the ball electrode 16 cannot be mounted to the 
external electrode portion 14a (that is, the opening of the 
insulating ?lm 15) Without producing a gap therebetWeen. 
As a result, suf?cient junction betWeen the ball electrode 16 
and the external electrode portion 14a cannot be ensured. 

Note that, in the ?rst embodiment, the material of the 
metal Wirings 14 is not speci?cally limited. For example, a 
material mainly containing Cu, titanium (Ti), tungsten (W), 
chromium (Cr), aluminum or the like may be used. 
Alternatively, another conductive metal material may be 
used. HoWever, forming the metal Wiring 14 from a 
Cu-containing metal enables reduction in resistance of the 
metal Wiring 14. 

(Modi?cation of First Embodiment) 
Hereinafter, a semiconductor device according to a modi 

?cation of the ?rst embodiment Will be described With 
reference to the ?gures. 

FIG. 3 is a cross-sectional vieW of the semiconductor 
device according to the modi?cation of the ?rst embodi 
ment. Note that, in the modi?cation of the ?rst embodiment, 
the same elements as those of the semiconductor device of 
the ?rst embodiment in FIG. 1 are denoted With the same 
reference numerals and characters, and description thereof is 
omitted. 
As shoWn in FIG. 3, electrodes 12 are formed on the 

surface of a semiconductor element 11. Apassivation ?lm 13 
is formed over the surface of the semiconductor element 11. 
The passivation ?lm 13 has an opening on each electrode 12. 
Metal Wirings 14 are formed on the passivation ?lm 13. 
Each metal Wiring 14 is electrically connected to a corre 
sponding one of the electrodes 12. An insulating ?lm 15 is 
formed on the metal Wirings 14 and the passivation ?lm 13. 
The insulating ?lm 15 has openings in order to expose a 
portion of each metal Wiring 14 Which functions as an 
external electrode (hereinafter, referred to as “external elec 
trode portion 14b”). 
The modi?cation of the ?rst embodiment is different from 

the ?rst embodiment in that each external electrode portion 
14b has a mushroom-like projection over a corresponding 
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one of the openings of the insulating ?lm 15. The 
mushroom-like projection is larger than the opening of the 
insulating ?lm 15. Therefore, the exposed surface of the 
external electrode portion 14b is higher than the surface of 
the insulating ?lm 15. As a result, a substantial thickness of 
a metal portion of the external electrode portion 14b is larger 
than that of the external electrode portion 14a of the ?rst 
embodiment in FIG. 1. Therefore, the folloWing effects can 
be obtained: When the external electrode portions 14b and 
Wiring electrodes of a substrate on Which the semiconductor 
device is mounted are respectively connected to each other 
by ball electrodes formed from solder, Sn contained in solder 
of the ball electrode diffuses into Cu contained in the metal 
Wiring 14. As a result, a Sn—Cu alloy layer having loW 
strength groWs in the thickness direction of the external 
electrode portion 14b. As described above, hoWever, the 
substantial thickness of the metal portion of the external 
electrode portion 14b is larger than that of the external 
electrode portion 14a of the ?rst embodiment in FIG. 1. It is 
therefore ensured that a greater part of the external electrode 
portion 14b is left unchanged into the Sn—Cu alloy in the 
thickness direction of the external electrode portion 14b. 
When the temperature is varied in a process such as the 
process of mounting the semiconductor device onto the 
substrate, stresses are generated due to the difference in 
thermal expansion coef?cient betWeen the semiconductor 
device and the substrate. HoWever, the above structure of the 
modi?cation of the ?rst embodiment can more reliably 
prevent disconnection of the metal Wirings 14 even if such 
stresses are generated. 

Note that, in the modi?cation of the ?rst embodiment, the 
external electrode portions 14b may be bonded to the Wiring 
electrodes of the substrate by solder Without using the ball 
electrodes. In this case, the same effects as those described 
above can be obtained. 

(Second Embodiment) 
Hereinafter, a semiconductor device according to the 

second embodiment of the present invention Will be 
described With reference to the ?gures. 

FIGS. 4 and 5 are cross-sectional vieWs of the semicon 
ductor device of the second embodiment. Note that, in the 
second embodiment, the same elements as those of the 
semiconductor device of the ?rst embodiment in FIG. 1 are 
denoted With the same reference numerals and characters, 
and description thereof is partly omitted. 
As shoWn in FIG. 4, electrodes 12 are formed on the 

surface of a semiconductor element 11. Apassivation ?lm 13 
is formed over the surface of the semiconductor element 11. 
The passivation ?lm 13 has an opening on each electrode 12. 
An insulating resin layer 17 is formed on the passivation ?lm 
13 excluding the regions near the electrodes 12. For 
example, the insulating resin layer 17 is formed from an 
epoxy resin having loW elasticity. Metal Wirings 14 are 
formed along the surface of the insulating resin layer 17. 
Each metal Wiring 14 is electrically connected to a corre 
sponding one of the electrodes 12. An insulating ?lm 15 is 
formed on the metal Wirings 14, the insulating resin layer 17 
and the passivation ?lm 13. The insulating ?lm 15 has 
openings in order to expose a portion of each metal Wiring 
14 Which functions as an external electrode (hereinafter, 
referred to as “external electrode portion 14a”). For 
example, the insulating ?lm 15 is a resin ?lm formed from 
solder resist or the like. As shoWn in FIG. 5, in order to 
electrically connect the electrodes 12 formed on the surface 
of the semiconductor element 11 to Wiring electrodes of a 
substrate (not shoWn) on Which the semiconductor element 
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11 is mounted, ball electrodes 16, Which are formed from 
solder, are connected in a molten state to the openings of the 
insulating ?lm 15, that is, the external electrode portions 14a 
of the metal Wirings 14, respectively. The electrodes 12 of 
the semiconductor element 11 and the Wiring electrodes of 
the substrate are thus respectively connected to each other 
through the metal Wirings 14 and the ball electrodes 16. 
A ?rst characteristic of the second embodiment is that, 

like the ?rst embodiment, the thickness of the external 
electrode portion 14a of the metal Wiring 14 is greater than 
that of the other portion of the metal Wiring 14 (i.e., the 
non-electrode portion). 
A second characteristic of the second embodiment is that, 

as described above, the insulating resin layer 17, Which is 
formed from an epoxy resin having loW elasticity or the like, 
is formed betWeen the metal Wirings 14 each electrically 
connected to a corresponding one of the electrodes 12 of the 
semiconductor element 11 and the passivation ?lm 13 
formed over the surface of the semiconductor element 11. 

According to the second embodiment, the folloWing 
effects can be obtained in addition to the effects of the ?rst 
embodiment (Which are obtained by the ?rst characteristic): 
When the temperature is varied to melt the ball electrodes 16 
in the process of mounting the semiconductor device to the 
substrate, stresses are generated due to the difference in 
thermal expansion coefficient betWeen the semiconductor 
device and the substrate. HoWever, these stresses can be 
absorbed by the insulating resin layer 17. As a result, the 
stresses are reduced, Whereby the external electrode portion 
14a of the metal Wiring 14 to Which the ball electrode 16 is 
connected can be prevented from being broken by the 
stresses. 

According to the second embodiment, the portion of the 
metal Wiring 14 other than the external electrode portion 14a 
(i.e., the non-electrode portion of the metal Wiring 14) is 
covered With the insulating ?lm 15. This prevents Wirings or 
electrodes of the substrate on Which the semiconductor 
device is mounted from contacting the non-electrode por 
tions of the metal Wirings 14 of the semiconductor device. 
It is preferable that the exposed surface of the external 
electrode portion 14a is ?ush With or higher than the surface 
of the insulating ?lm 15. In other Words, it is preferable that 
the thickness of the external electrode portion 14a is equal 
to or greater than that of the insulating ?lm 15 on the 
insulating resin layer 17. The reason for this is as folloWs: if 
the external electrode portion 14a is thinner than the insu 
lating ?lm 15 on the insulating resin layer 17, the ball 
electrode 16 cannot be mounted to the external electrode 
portion 14a (that is, the opening of the insulating ?lm 15) 
Without a gap therebetWeen. As a result, suf?cient junction 
betWeen the ball electrode 16 and the external electrode 
portion 14a cannot be ensured. 

Note that, in the second embodiment, the material of the 
metal Wirings 14 is not speci?cally limited. For example, a 
material mainly containing Cu, Ti, W, Cr, Al or the like may 
be used. Alternatively, another conductive metal material 
may be used. HoWever, forming the metal Wiring 14 from a 
Cu-containing metal enables reduction in resistance of the 
metal Wiring 14. 

(Modi?cation of Second Embodiment) 
Hereinafter, a semiconductor device according to a modi 

?cation of the second embodiment Will be described With 
reference to the ?gures. 

FIG. 6 is a cross-sectional vieW of the semiconductor 
device according to the modi?cation of the second embodi 
ment. Note that, in the modi?cation of the second 
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embodiment, the same elements as those of the semicon 
ductor device of the ?rst embodiment in FIG. 1 or the 
semiconductor device of the second embodiment in FIG. 4 
are denoted With the same reference numerals and 
characters, and description thereof is partly omitted. 
As shoWn in FIG. 6, electrodes 12 are formed on the 

surface of a semiconductor element 11. Apassivation ?lm 13 
is formed over the surface of the semiconductor element 11. 
The passivation ?lm 13 has an opening on each electrode 12. 
An insulating resin layer 17 is formed on the passivation ?lm 
13 excluding the regions near the electrodes 12. For 
example, the insulating resin layer 17 is formed from an 
epoxy resin having loW elasticity. Metal Wirings 14 are 
formed along the surface of the insulating resin layer 17. 
Each metal Wiring 14 is electrically connected to a corre 
sponding one of the electrodes 12. An insulating ?lm 15 is 
formed on the metal Wirings 14, the insulating resin layer 17 
and the passivation ?lm 13. The insulating ?lm 15 has 
openings in order to expose a portion of each metal Wiring 
14 Which functions as an external electrode (hereinafter, 
referred to as “external electrode portion 14b”). 

The modi?cation of the second embodiment is different 
from the second embodiment in that each external electrode 
portion 14b has a mushroom-like projection over a corre 
sponding one of the openings of the insulating ?lm 15. The 
mushroom-like projection is larger than the opening of the 
insulating ?lm 15. Therefore, the exposed surface of the 
external electrode portion 14b is higher than the surface of 
the insulating ?lm 15. As a result, a substantial thickness of 
a metal portion of the external electrode portion 14b is larger 
than that of the external electrode portion 14a of the second 
embodiment in FIG. 4. Therefore, the folloWing effects can 
be obtained: When the external electrode portions 14b and 
Wiring electrodes of a substrate on Which the semiconductor 
device is mounted are respectively connected to each other 
by ball electrodes formed from solder, Sn contained in solder 
of the ball electrode diffuses into Cu contained in the metal 
Wiring 14. As a result, a Sn—Cu alloy layer having loW 
strength groWs in the thickness direction of the external 
electrode portion 14b. As described above, hoWever, the 
substantial thickness of the metal portion of the external 
electrode portion 14b is larger than that of the external 
electrode portion 14a of the second embodiment in FIG. 4. 
It is therefore ensured that a greater part of the external 
electrode portion 14b is left unchanged into the Sn—Cu 
alloy in the thickness direction of the external electrode 
portion 14b. When the temperature is varied in a process 
such as the process of mounting the semiconductor device 
onto the substrate, stresses are generated due to the differ 
ence in thermal expansion coef?cient betWeen the semicon 
ductor device and the substrate. HoWever, the above struc 
ture of the modi?cation of the second embodiment can more 
reliably prevent disconnection of the metal Wirings 14 even 
if such stresses are generated. 

Note that, in the modi?cation of the second embodiment, 
the external electrode portions 14b may be bonded to the 
Wiring electrodes of the substrate by solder Without using the 
ball electrodes. In this case, the same effects as those 
described above can be obtained. 

(Third Embodiment) 
Hereinafter, a method for manufacturing a semiconductor 

device according to the third embodiment of the present 
invention Will be described With reference to the ?gures. 
Note that the manufacturing method of the third embodi 
ment is a method for manufacturing the semiconductor 
device of the ?rst embodiment. 
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FIGS. 7A to 7E and FIGS. 8A, 8B illustrate the steps of 

the method for manufacturing a semiconductor device 
according to the third embodiment. FIGS. 7A and 8A are 
perspective vieWs, and FIGS. 7B to 7E and FIG. 8B are 
cross-sectional vieWs. In the third embodiment, the same 
elements as those of the semiconductor device of the ?rst 
embodiment in FIGS. 1 and 2 are denoted With the same 
reference numerals and characters. 

As shoWn in FIG. 7A, a semiconductor Wafer 10 having 
a plurality of semiconductor elements 11 formed thereon is 
prepared. The semiconductor Wafer 10 has a plurality of chip 
regions RCMP de?ned by dicing lines 10a. Each semicon 
ductor element 11 is provided in a corresponding one of the 
plurality of chip regions RCMP of the semiconductor Wafer 
10. The folloWing description Will be given for the semi 
conductor element 11 provided in one of the plurality of chip 
regions RCMP. 
As shoWn in FIG. 7B, a passivation ?lm 13 is formed over 

the surface of the semiconductor element 11 having elec 
trodes 12 formed thereon. For example, the passivation ?lm 
13 is formed from SiN. The passivation ?lm 13 has an 
opening on each electrode 12. Metal Wirings 14 containing, 
e.g., Cu are then formed on the passivation ?lm 13 so as to 
be electrically connected to the electrodes 12, respectively. 
More speci?cally, the metal Wirings 14 are formed as 
folloWs: a titanium tungsten (TiW) layer and a Cu layer are 
sequentially formed on the passivation ?lm 13 by a sput 
tering method. The TiW layer and the Cu layer are then 
etched by using a mask Which covers the regions Where the 
metal Wirings are to be formed (hereinafter, referred to as 
metal-Wiring formation regions). The mask is formed from 
a photoresist material. The metal Wirings 14 having a desired 
pattern are thus formed. The resist mask is then removed. 

As shoWn in FIG. 7C, an insulating ?lm 15 is formed on 
the passivation ?lm 13 and the metal Wirings 14. Openings 
are then formed in the insulating ?lm 15 so as to expose a 
predetermined region of each metal Wiring 14 (a region 
Where an external electrode is to be formed; hereinafter, 
referred to as “external-electrode formation region”) by an 
etching method using a resist material (not shoWn). For 
example, the insulating ?lm 15 is a resin ?lm having a 
thickness of 12 pm, and is formed from solder resist or the 
like. In the present embodiment, the insulating ?lm 15 is 
formed from a photosensitive material. Therefore, the open 
ing pattern of the insulating ?lm 15 is formed by using a 
photolithography method capable of forming a ?ne pattern. 
As shoWn in FIG. 7D, a metal ?lm 18 is formed on the 

insulating ?lm 15 by, e.g., an electroplating method so as to 
completely ?ll the openings of the insulating ?lm 15. For 
example, the metal ?lm 18 is formed from Ti and Cu. A 
resist mask 19 is then formed so as to cover the regions of 
the metal ?lm 18 on the openings of the insulating ?lm 15. 
When the electroplating method is used in the step of FIG. 

7D, Wirings (not shoWn) formed in the dicing lines 10a of 
the semiconductor Wafer 10 in FIG. 7A serve as a poWer 
feeding point of the electroplating method. These Wirings 
are formed simultaneously With the metal Wirings 14 by e. g., 
a sputtering method. 
As shoWn in FIG. 7E, the portion of the metal ?lm 18 

located outside the resist mask 19 (i.e., the exposed portion 
of the metal ?lm 18) is removed by, e.g., a Wet etching 
method. As a result, metal-material embedded portions 18A 
are formed by the metal ?lm 18 embedded in the openings 
of the insulating ?lm 15. The resist mask 19 is then removed. 
Note that the surface of the metal-material embedded por 
tions 18A is ?ush With or higher than the surface of the 
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insulating ?lm 15. As a result, the total thickness of the 
metal-material embedded portion 18A and the metal Wiring 
14 located thereunder is greater than the thickness of the 
portion of the metal Wiring 14 other than the external 
electrode portion (i.e., the non-electrode portion of the metal 
Wiring 14). 
As shoWn in FIG. 8A, after the semiconductor elements 

11 in the respective chip regions RCMP of the semiconductor 
Wafer 10 are subjected to the steps of FIGS. 7B to 7E, the 
semiconductor Wafer 10 is diced along the dicing lines 10a 
into individual chips by a rotating blade 20. In this step, the 
Wirings serving as a poWer feeding point in the electroplat 
ing method in the step of FIG. 7D are also cut in order to 
discontinue current application through the Wirings. 
As shoWn in FIG. 8B, in order to electrically connect the 

electrodes 12 formed on the surface of the semiconductor 
element 11 to respective Wiring electrodes of a substrate (not 
shoWn) on Which the semiconductor element 11 is mounted, 
a ball electrode 16 is mounted on each metal-material 
embedded portion 18A (i.e., the external electrode portion of 
each metal Wiring 14). For example, the ball electrodes 16 
are formed from solder or Cu. The ball electrodes 16 may be 
formed from solder by printing solder paste to the metal 
material embedded portions 18A by, e.g., a screen printing 
method and then re?oWing the solder paste. 
As has been described above, according to the third 

embodiment, the metal Wirings 14 are formed so as to be 
electrically connected to the electrodes 12 of the semicon 
ductor element 11, respectively. The insulating ?lm 15 is 
then formed, and openings are formed in the insulating ?lm 
15 so as to expose the external-electrode formation regions 
of the metal Wirings 14. Thereafter, the metal-material 
embedded portions 18A are embedded in the respective 
openings so that the surface of the metal-material embedded 
portions 18A is ?ush With or higher than the surface of the 
insulating ?lm 15. Accordingly, the thickness of the external 
electrode portion of the metal Wiring 14 (i.e., the total 
thickness of the metal-material embedded portion 18A 
embedded in the opening of the insulating ?lm 15 and the 
metal Wiring 14 located under the metal-material embedded 
portion 18A) is greater than the thickness of the portion of 
the metal Wiring 14 other than the external electrode portion 
(i.e., the non-electrode portion of the metal Wiring 14). As a 
result, the same effects as those of the semiconductor device 
of the ?rst embodiment can be obtained. More speci?cally, 
the metal-material embedded portions 18A, that is, the 
external electrode portions, and the Wiring electrodes of the 
substrate on Which the semiconductor device is mounted are 
respectively connected to each other by the ball electrodes 
16. When the metal Wirings 14 contain, e.g., Cu (Which is a 
commonly used metal Wiring material), Sn contained in 
solder of the ball electrode 16 diffuses into Cu contained in 
the metal-material embedded portion 18A or the metal 
Wiring 14, Whereby a Sn—Cu alloy layer having loW 
strength groWs in the thickness direction of the external 
electrode portion. HoWever, since the thickness of the exter 
nal electrode portion of the metal Wiring 14 is greater than 
that of the non-electrode portion of the metal Wiring 14, this 
Sn—Cu alloy layer can be prevented from groWing through 
the entire thickness of the external electrode portion. In other 
Words, it is ensured that the thickness of the Sn—Cu alloy 
layer in the external electrode portion is smaller than the 
thickness of the external electrode portion. Since a part of 
the external electrode portion is left unchanged into the 
Sn—Cu alloy layer, the strength of the metal Wiring 14 can 
be maintained even if Cu is used as a metal Wiring material. 
The semiconductor element 11, the resin ?lm covering the 
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surface of the semiconductor element 11, and the substrate 
have different thermal expansion coef?cients. Therefore, 
When the temperature is varied in the process of hardening 
the resin ?lm covering the surface of the semiconductor 
element 11 or the process of mounting the semiconductor 
device onto the substrate, stresses are generated due to such 
a difference in thermal expansion coef?cient. Even if such 
stresses are generated, hoWever, the above structure of the 
third embodiment can prevent the Sn—Cu alloy layer hav 
ing loW strength from being broken and thus can prevent 
disconnection of the metal Wirings 14. 

According to the third embodiment, the portion of the 
metal Wiring 14 other than the external electrode portion 
(i.e., the non-electrode portion of the metal Wiring 14) is 
covered With the insulating ?lm 15. This prevents Wirings or 
electrodes of the substrate on Which the semiconductor 
device is mounted from contacting the non-electrode por 
tions of the metal Wirings 14 of the semiconductor device. 
The surface of the metal-material embedded portion 18A, 
that is, the exposed surface of the external electrode portion, 
is ?ush With or higher than the surface of the insulating ?lm 
15. In other Words, the thickness of the external electrode 
portion (the total thickness of the metal-material embedded 
portion 18A and the metal Wiring 14 located thereunder) is 
equal to or greater than that of the insulating ?lm 15. 
Therefore, the folloWing effects can be obtained: the ball 
electrode 16 can be mounted to the external electrode 
portion (the metal-material embedded portion 18A) Without 
producing a gap therebetWeen. As a result, suf?cient junc 
tion betWeen the ball electrode 16 and the external electrode 
portion can be ensured. 

In the third embodiment, the exposed surface of the 
external electrode portion (the surface of the metal-material 
embedded portion 18A) may be higher than the surface of 
the insulating ?lm. In this case, a substantial thickness of a 
metal portion of the external electrode portion is increased. 
Accordingly, the folloWing effects can be obtained: When Sn 
contained in solder of the ball electrode 16 diffuses into Cu 
contained in the metal-material embedded portion 18A or 
the metal Wiring 14, a Sn—Cu alloy layer having loW 
strength groWs in the thickness direction of the external 
electrode portion. As described above, hoWever, since the 
substantial thickness of the metal portion of the external 
electrode portion is increased, it is ensured that a greater part 
of the external electrode portion is left unchanged into the 
Sn—Cu alloy in the thickness direction of the external 
electrode portion. When the temperature is varied in a 
process such as the process of mounting the semiconductor 
device onto the substrate, stresses are generated due to the 
difference in thermal expansion coef?cient betWeen the 
semiconductor device and the substrate. HoWever, the above 
structure of the third embodiment can more reliably prevent 
disconnection of the metal Wirings 14 even if such stresses 
are generated. Note that, When the exposed surface of the 
external electrode portion (the surface of the metal-material 
embedded portion 18A) is higher than the surface of the 
insulating ?lm 15, the external electrode portions may be 
bonded to the Wiring electrodes of the substrate by solder 
Without using the ball electrodes 16. In this case, the same 
effects as those described above can be obtained. 

Note that, in the third embodiment, the material of the 
metal Wirings 14 is not speci?cally limited. For example, a 
material mainly containing Cu, Ti, W, Cr, Al or the like may 
be used. Alternatively, another conductive metal material 
may be used. HoWever, forming the metal Wiring 14 from a 
Cu-containing metal enables reduction in resistance of the 
metal Wiring 14. 












